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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates generally to the technical field of logistics and storage and
retrieval systems, and more specifically to a three dimensional storage and retrieval system in
which storage cells featuring multiple storage locations disposed around a central void are
stacked in alignment with one another such that the central voids in each stack form a central
shaft by which storage/retrieval vehicles can access every storage location from upper and
lower track grids above and below the stacked array of storage locations.

BACKGROUND

[0002] Grid-based three dimensional storage and retrieval systems employing robotic
storage/retrieval vehicles are known in the art, including those disclosed in Canadian patent
application CA2885984, German patent application DE102009017241, U.S. Patent
Us8628289, U.S. patent application US2014/0031972 and international PCT applications
WO0201490684 and WO201519055.

[0003] The PCT applications disclose systems in which the robotic storage/retrieval vehicles
traverse an upper grid supported in an elevated position over a three dimensional array of
stacked storage bins, and each vehicle features a lift device that can be lowered down from the
vehicle when parked on the grid in a position overlying a selected stack of storage bins,
whereby the lifting device carries the storage bin up into a cavity in the underside of the
vehicle. CA2885984 discloses a similar system, but in which two different three dimensional
arrays are situated one over the other, with a respective fleet of robotic storage/retrieval
vehicles traversing a respective grid above each storage array. In these types of systems,
while the presence of a respective stack of storage bins at every Cartesian co-ordinate point of
the horizontal grid provides a space-efficient storage solution, a potential drawback of such a
system is that only the uppermost bin in any stack is directly retrievable any given time. Access
to bins further down the stack requires prior removal of the bins above it.

[0004] The German reference features an upper two-level storage array, and a lower single-
level storage array, and a fleet of robotic storage/retrieval vehicles operating on a gridded track
system situated between the upper and lower arrays. The robotic vehicles can access storage
bins from not only the lower array, but also from and the lower level of the top array, thereby
enabling access to more than just the uppermost bins in the multi-level upper array.

[0005] US2015127143 discloses a robotic storage/retrieval vehicle capable of simultaneously
lifting multiple storage bins from a stack in a three dimensional storage array, thereby reducing
the number of discrete lifting operations required to access a given bin that is buried below two
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or more of the uppermost bins in the stack. Once upper bins have been removed by this multi-
bin vehicle, a conventional single-bin storage/retrieval vehicle can then lift the target bin. A
potential drawback is the need for two distinct vehicle types that separately access and then
remove the target bin.

[0006] US2014/0031972 and US8628289 both avoid the multi-level access problem by
employing an aisle-based format, where open aisles between rows of stacked storage
locations enable robotic item retrieval from any location, though at the expense of a less space
efficient solution, as the open aisles between every two rows take up a significant volume of
the overall system space.

[0007] U.S. Patent US5595263 discloses a single-stack storage and retrieval system in which
storage locations at each level of the stack arc situated around a hollow central shaft, but
retrieval from the storage locations is performed by externally mounted robotic pickers and
cooperating elevators that feed a dedicated lower conveyor of the single-column storage array.
Other single-stack storage facilities are disclosed in U.S. patent application 2006/0228196,
Japanese patent reference JP2003341810 and French Patent FR2614609.

[0008] U.S. patent application 2013/0181586 discloses a rotary unit with a plurality of bin
holders radially attached to a central shaft for input and output of goods from a computer
controlled, robotically served storage system, but provides no improvement to the actual
storage layout itself.

[0009] U.S. Patent 7267518 discloses a conveyor system for collecting and moving material
among a two-dimensional array of storage bins, but is only capable of serving a single-level
two-dimensional array of storage sites, not a multi-level three-dimensional array.

[0010] US4088232 discloses a storage system according to the preamble of claim 1 and a
combination according to the preamble of claim 15 of a storage/ retrieval vehicle and a gridded
storage structure.

[0011] The US patent No. US 8,628,289 B1 relates to a system and method for optimizing the
storage capacity of an automated material handling and storage system wherein rows of
vertical columns of storage bins are spaced in opposing relationship with one another such that
at least one elevator is vertically movable in engagement with the opposing columns of storage
bins so that pallets, support platforms or containers may be transferred to or from the elevator
to bins of the opposing rows and wherein the elevator may be selectively elevated by overhead
carriers that are movable along an intersecting grid track system that is disposed above the
storage bins.

[0012] Accordingly, there remains room for improvements and alternative designs in the field
of three-dimensional storage/retrieval systems, and particularly a desire for improved balance
between space-efficiency and individual location access within three dimensional storage and
retrieval systems.
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[0013] Applicant has developed a novel storage and retrieval system with a unique
combination of features not heretofore seen or suggested in the prior art, and which not only
alleviate the forgoing shortcomings of the prior art, but may also provide other advantages or
benefits.

SUMMARY OF THE INVENTION

[0014] According to a first aspect of the invention, there is provided a storage system as
specified in claim 1. Preferably the void space is square.

[0015] According to a further aspect of the invention there is provided a storage/retrieval
vehicle in combination with a gridded storage structure as specified in claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] One or more preferred embodiments of the invention will now be described in
conjunction with the accompanying drawings in which:

Figure 1 is a schematic perspective view of a four-bin central-void storage cell format of a
three dimensional storage and retrieval grid structure used in one embodiment of the present
invention.

Figure 2 is a schematic perspective view of a stack of storage cells whose aligned central voids
create a vertical shaft through which the four bins of each cell are accessible.

Figure 3 schematically illustrates arrangement of multiple stacks of storage cells placed in
neighbouring relation to one another to create a larger three dimensional storage array over
which the spaced-apart hollow shafts of the different stacks enable direct access to each and
every storage bin in the overall array.

Figure 4 illustrates a fully completed grid structure containing a three dimensional array of
stacked storage cells that is navigable by a fleet of identical robotic storage/retrieval vehicles
that horizontally traverse gridded track layouts at the top and bottom of the array, and vertically
traverse between the upper and lower gridded track layouts through the vertical shafts to
retrieve and return storage bins at any storage location in the array.

Figure 5 shows another completed grid structure similar to that of Figure 4, but from a closer
viewing plane to better reveal framework details of the grid structure.

Figure 6 is a perspective view of one of the robotic storage/retrieval vehicles from Figures 4
and 5, illustrating operation of an extendable arm thereof for withdrawing and replacing a
storage bin from its designated storage location in the array.
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Figures 7 and 8 are perspective views of the robotic storage/retrieval vehicle of Figure 6 with
select elements thereof removed to reveal mechanisms for controlling positions of wheel units
that are used to horizontally and vertically traverse the grid structure at the track layouts and
shafts, respectively.

Figures 9 and 10 are overhead plan views of revealing further details of a cam-based
mechanism for controlling the wheel unit positions in an inboard/outboard direction of the
robotic storage/retrieval vehicle.

Figure 11A is a perspective view of another completed grid structure, similar to that of Figure 5,
but showing optional inclusion of internal bars and panels to reinforce the structure and provide
fire breaks therein.

Figure 11B is a closeup partial perspective view of a partially assembled grid structure features
the same panels of Figure 11A, and showing in-turned flanges on the panels that define
shelves for supporting the storage bins in the completed grid structure.

Figure 11C is another closeup partial perspective view of the partially assembled grid structure
of 11B a set of storage bins supported therein by the in-turned flanges of the panels.

Figure 12 is a close-up perspective view of a portion of the three dimensional grid structure of
Figure 11A at a top level thereof, where horizontal tracks of the upper gridded track layout
intersect with one of multiple rack members that reside at the corners of each vertical shaft in
the storage array to cooperate with toothed pinion wheels of each robotic storage/retrieval
vehicle to enable vertical traversal of the shaft by each vehicle.

Figure 13 is a close-up perspective view of a portion of the three dimensional grid structure of
Figure 11A at a bottom level thereof, where horizontal tracks of the lower gridded track layout
intersect with the upright rack members.

[0017] In the drawings like characters of reference indicate corresponding parts in the different
figures.

DETAILED DESCRIPTION

[0018] Figure 1 illustrates a singular storage cell 10 used within a three dimensional storage
system according to the present invention. Each full cell features four storage units 12, for
example in the form of open-top or openable/closeable storage bins capable of holding any
variety of goods therein. Each storage unit 12 resides within a respective rectangular volume of
space on a respective side of a central void 14 of rectangular volume, whereby the four
storage units 12 collectively surround the central void 14 on all four peripheral sides thereof,
while leaving the top and bottom of the central void open. These cells are compiled into a
space-efficient three dimensional storage array in an organized manner by which every
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storage unit resides at an addressable storage location in the array that is directly accessible at
all times regardless of the occupied or unoccupied status of every other storage location by its
respective storage unit.

[0019] Figure 2 illustrates a vertical stack 16 in which each layer or level is occupied by a
respective full storage cell 10. The stacked storage cells are positioned in alignment with one
another, whereby the central voids of all the stacked cells are aligned to create a central
upright shaft 18, and each storage location and respective storage unit aligns with a respective
storage location and storage unit in each of the other stacked cells. Accordingly, a respective
vertical column is formed by the aligned storage locations and storage units on each side of
the upright shaft 18. The stack 16 in Figure 2 is a full-sided stack, in that each of its cells has a
full set of four storage locations disposed around its central void, and so the stack features four
vertical columns of storage locations and storage units. The hollow upright shaft 18 formed by
the aligned voids of the stacked cells passes vertically through the entire stack from the open
top of the uppermost cell's central void to the open bottom of the lowermost cell's central void.

[0020] Figure 3 illustrates placement of a plurality of stacks beside one another to form a three
dimensional collection of storage units, in which the stacks have numbered sequentially from 1
to 9 for reference. Referring back to Figure 2, the stacked cells and the central voids thereof
may be interpreted as occupying five blocks of a square nine-block reference grid in a
horizontal reference plane, while the four corner blocks of the nine-block grid are unoccupied
by the storage units of the stack. Turning again to Figure 3, the plurality of stacks fit together in
a mating fashion, wherein at least one empty corner of each stack's nine-block reference grid
is occupied by a respective vertical column of an adjacent one of the stacks, while the central
upright shaft of each stack remains open. It is by way of this central upright shaft 18 that each
and every storage location throughout the stack is accessible. So with continued reference to
Figure 3, in which X and Y directions are marked in a horizontal reference plane, the comer-
mated relation of the stacks can result in runs of four directly adjacent vertical columns (i.e. up
to four neighbouring vertical columns lacking any empty voids between them) in both the X and
Y directions, without defeating the accessibility of any vertical column from the upright shaft of
its respective stack. Accordingly, a highly optimized balance is achieved between a space
efficient three dimensional layout of storage locations and readily available access to any and
all of the storage locations.

[0021] Of the nine labelled stacks in Figure 3, stacks 1 through 8 are each full-sided stacks in
which each storage cell has a full set of four storage units occupying the four respective
storage locations around the cell's central void. Stack 9 on the other hand is a reduced stack
from which one vertical column of storage locations and storage units has been omitted,
thereby leaving only three vertical columns partially surrounding the respective upright shaft 18
on three sides thereof. Each cell of stack 9 is therefore a reduced cell having only three
storage locations, thus being capable of storing a maximum of three storage units in the cell at
any given time. The inclusion of reduced stacks in a collection enables building of the storage
array to fit within a targeted rectangular grid size in the horizontal reference plane, while
occupying the greatest possible number of blocks within this target grid size. The horizontal
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reference plane in Figure 3 has been labelled with a target grid size of six by eight, in which the
six grid rows have been numbered as 1 through 6 and the eight grid columns labelled as A
through H.

[0022] In order to achieve this target grid size, stacks 5 and 7 would both need to also be
trimmed to a reduced stack of three columns, like stack 9. To optimize the number of storage
locations in this target grid size, a single-column reduced stack 10 could also be added in the
top left corner of the Figure. Looking at row 6, it will be seen that in addition to the central shaft
18 of reduced stack 9, by which the storage locations of stack 9 are all accessible, row 6 also
contains three additional shafts 20 in grid columns A, C and H. These shafts are defined by
unoccupied corners of respective stacks of storage cells. Shafts such as these that reside at
the outer perimeter rows and columns of the reference grid and do not define the central
shafts of respective stacks are referred to herein as outer shafts. For example, grid row 1 in
Figure 3 features two such outer shafts 20 at grid columns B and G, and would have a third
outer shaft at grid column A if optional single-column stack 10 were omitted. As outlined below,
these outer shafts provide vertical travel paths by which robotic retrieval vehicles can traverse
between gridded track layouts above and below the stacks 16 during return of previously
retrieved storage units to the stacks, while keeping central upright shafts of the stacks free for
retrieval of other storage units from the stacks.

[0023] Figure 4 illustrates a completed three dimensional grid structure employing the stacked
storage cell configuration described above with reference to Figures 1 to 3. In the completed
grid structure, a gridded upper track layout 22 resides above the stacks 16, and a matching
gridded track layout 24 resides beneath the stacks 16. The lower gridded track layout 24 at the
bottom of the three dimensional grid is surrounded on the four sides thereof by delivery
stations 30 to which the robotic retrieval vehicles deliver the storage units pulled from the
stacks.

[0024] As better shown by the similar three dimensional grid structure in Figure 5, which is of
smaller grid size and height than that of Figure 4 and is shown at greater scale with the
delivery stations 30 omitted, each track layout features a set of X-direction rails 26 lying in the
X-direction of the horizontal reference plane and a set of Y-direction rails 28 perpendicularly
crossing the X-direction rails in the Y-direction of the reference plane. The crossing rails 26, 28
define the horizontal reference grid of the storage system, where each grid row is delimited
between an adjacent pair of the X-direction rails 26 and each grid column is delimited between
an adjacent pair of the Y-direction rails 28. Each intersection point between one of the grid
columns and one of the grid rows denotes the position of a respective column of storage cells,
a respective central shaft, or a respective outer shaft. In other words, each column of storage
cells, each central upright shaft of a stack, and each outer shaft resides at respective Cartesian
coordinate point of the reference grid at a respective area bound between two of the X-
direction rails and two of the Y-direction rails. The three-dimensional addressing of each
storage location and associated storage unit in the completed system is completed by the
given vertical level at which the given storage location resides within the respective stack. That
is, a three-dimensional address of each storage location is dictated by the grid row, grid
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column and stack level of storage location in the three dimensional grid.

[0025] With continued reference to Figure 5, a respective upright frame member 32 spans
vertically between the upper and lower grid layouts 22, 24 at each intersection point between
the X-direction and Y-direction rails, thereby cooperating with the rails to define a framework of
the three-dimensional grid structure for containing and organizing the three dimensional array
of storage cells within this framework. As a result, the central upright shaft 18 of each stack of
storage cells and each outer shaft 20 of the three dimensional storage array has four vertical
frame members 32 spanning the full height of the shaft at the four corners thereof.

[0026] Turning momentarily to Figure 12, each frame member has a square horizontal cross-
section whose four sides lie in the X and Y directions of the horizontal reference grid, and so
for each central or outer shaft of the three dimensional storage array, each of the four frame
members at the corners of the shaft has a respective corner edge 32a facing diagonally into
this shaft. Respective sets of rack teeth 34a, 34b extend from the frame member 32 at the two
sides of the frame member 32 that perpendicularly intersect at this corner edge 32a, the teeth
of each set being arranged in series in the vertical Z-direction of the three dimensional grid.
One set of teeth 34a thus face in the X-direction along the X-direction rail 26 at one side of the
shaft, while the other set of teeth 34b face in the Y-direction along the Y-direction rail 28 at a
perpendicularly adjacent second side of the shaft. Accordingly, each of the frame members at
the four corners of each central or outer shaft defines a toothed rack member having two sets
of teeth 34a, 34b that face inwardly along respective sides of the shaft toward the opposing
corner on the same side of the shaft. The X-direction teeth 34a are spaced a short distance
from the X-direction rail 28, and the Y-direction teeth 34b are likewise spaced a short distance
from the Y-direction rail 28, whereby a gap 35 exits between each set of the teeth and the
respective rail. Each shaft thus has eight sets of rack teeth in total, with two sets at each corner
of the shaft. As described in greater detail below, the rack teeth 34a, 34b cooperate with pinion
wheels on the robotic retrieval vehicles to enable traversal of same between the upper and
lower track layouts through the central and outer shafts of the three dimensional grid structure.

[0027] Each rail and each frame member is assembled from modular pieces so that the three
dimensional grid structure can be expanded at any given time, both in the horizontal X-Y
dimensions of the reference grid and the vertical Z-direction to increase the number of storage
cell stacks and/or increase the height (i.e. number of levels) within the storage cells stacks.
Each rail is thus made of up modular rail pieces each horizontally connectable between two
frame members, which are likewise formed of modular frame pieces vertically connectable to
one another in end-to-end relation. To expand the horizontal grid of the structure without
adding to the height, additional rail pieces are simply added to horizontally expand the grid
side. To increase the height of the three dimensional grid structure, the rails of the upper track
layout are temporarily removed, and additional frame pieces are added atop the existing frame
pieces to increase the frame height to the targeted level, and the upper rails are re-installed at
the top of the now-taller frame members.

[0028] Figures 6-8 illustrate one of the robotic retrieval vehicles 36 operable to retrieve the
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storage units from the three dimensional array to enable pulling one or more products from the
retrieved storage unit at one of the delivery stations 30. The retrieval vehicle 36 is also
operable to return each retrieved storage unit back to an assigned storage location in the three
dimensional array, for example returning it to the same location from which it was retrieved.

[0029] With reference to Figures 7 and 8, the vehicles features a square frame 38 with four
vertical perimeter walls connected end to end at four corners of the frame 38. Of these
perimeter walls, one opposing pair of perimeter walls 38a denote two Y-oriented sides of the
vehicle that lie in the Y-direction of the reference grid, while the other opposing pair of
perimeter walls 38b of the vehicle frame 38 denote two X-oriented sides of the vehicle that lie
in the X-direction of the reference grid. A respective X-side wheel carriage 40 is mounted to
each of the X-side perimeter walls 38a of the frame 38 in a fixed-height position thereon near
the bottom edge of the perimeter wall 38a. A respective Y-side wheel carriage 42 is mounted to
each of the Y-side perimeter walls of the frame 38, but in a height-adjustable manner thereon
by which the Y-side wheel carriages 42 can be displaced upwardly and downwardly along the
respective Y-side perimeter walls. For this purpose, the exterior of each Y-side perimeter wall
38a of the vehicle frame 38 features a pair of vertically upright guide tracks 44 fixed thereto
and the Y -side wheel carriage 42 features a pair of slide blocks 46 carried at the inner side of
the wheel carriage and slidably mated with the guide tracks for movement of the wheel
carriage upwardly and downwardly therealong. These cooperating slide members on the
vehicle frame and Y-side wheel carriage are shown in Figure 8.

[0030] A respectively drive pulley 48 is supported on the respective Y-side perimeter wall 38a
near the top end thereof by way of an out-turned flange reaching outward from the Y-side
perimeter wall 38a to position the drive pulley's vertical rotation axis slightly outward from the
Y-side perimeter wall 38a. A threaded drive shaft 50 reaches vertically downward from the
drive pulley 48 on the rotation axis thereof, and is threadedly engaged with an internally
threaded feature (not shown) on the inner side of the Y-side wheel carriage 42, whereby
rotation of the drive pulley 48 in one direction displaces the Y-side wheel carriage 42 upwardly
along the guide tracks 44, while rotation of the pulley in the opposing direction displaces the Y-
side wheel carriage 42 downwardly along the guide tracks 44. The two drive pulleys have a
drive belt 52 entrained thereabout across the interior space delimited by the perimeter walls
38a, 38b of the square vehicle frame 38, whereby driven rotation of one of these two drive
pulleys 48 by a singular motor (not shown) rotates both drive pulleys in concert with one
another to lift and lower the Y-side wheel carriages in unison.

[0031] Each of the wheel carriages 40, 42 at both the X and Y sides of the vehicle carries two
rotatably driven wheel units 54 at opposing ends of the carriage so that these two wheel units
54 resides adjacent the two respective corners of the vehicle frame 38 where this side of the
vehicle intersects the two perpendicularly neighbouring sides. The wheel units at the X-sides of
the vehicle are rotatable about horizontal axes lying in the Y-direction, whereas the wheel units
at the Y-sides of the vehicle are rotatable about horizontal axes lying in the X-direction. Each
wheel unit is a singular body defining both a conveyance wheel 56 and a respective pinion
wheel 58. The pinion wheel resides inboard of the conveyance wheel (i.e. nearer to the frame
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38), and features a gear-toothed periphery for mating engagement with the teeth on the rack
members 32 of the three dimensional grid framework.

[0032] Turning momentarily again to Figure 12, the X and Y-direction rails 26, 28 of the
gridded track layouts at the top and bottom of the three dimensional grid structure each feature
a raised tongue 60 running longitudinally of the rail at a topside thereon. The raised tongue 60
resides at a generally central position across the rail, and leaves a respective flat 62 on each
side of the tongue 60. Figure 12 illustrates an internal intersection point of the upper gridded
track layout, where the top end of the frame member 32 features an upper cap 64 with a flat
majority area 66 that lies flush with the flats 62 of the X and Y direction rails that intersect with
this frame member 32. A raised central area 68 of the cap's topside stands upward from the
flat remainder 66 thereof in alignment with the tongues 60 of the intersecting rails 26, 28. The
rail pieces that surround each central and outer shaft may differ from the other rails pieces in
that the flat 62 on the shaft-adjacent side of the tongue 60 is narrower than the other flat 62 on
the other side of the tongue in order to leave the aforementioned gap 35 between the rails and
the rack teeth at the corners of the shaft. The other rail pieces that don't border a central or
outer shaft may instead be symmetric across the tongue 60 with two flats of equal width. Just
as the shaft-bordering rail pieces may differ from the other rail pieces that don't border a shaft,
any frame member that does not have a corner facing into a shaft may lack the rack-teeth that
are found on the shaft-bordering frame members.

[0033] Figure 13 shows another intersection of the rails and frame members, but at the lower
track layout. Here, the bottom end of each frame member 32 features a reduced portion 68’
that vertically joins a base 69 at the bottom end of the frame member 32 to the remainder of
the frame member above this reduced portion 68'. The horizontal cross-section of the frame
member 32 is lesser at this reduced portion 68' than at the base 69 and upper remainder of
the frame member, and more specifically is generally equal to the width of each rail tongue 60
in each of its two horizontal dimensions, just like the raised area 68 of the frame member's top
cap 64. The height of the reduced portion 68' of the frame member exceeds the wheel height
of the retrieval vehicle 36. The flat topside of the base 69 around the reduced portion 68' is
flush with the flats 62 of the track rails 26, 28 of the lower track layout.

[0034] Turning back to Figures 7 and 8, the drive pulleys 48 and associated motor and
threaded shafts 50 thus cooperate with the guide tracks 44 to form a wheel lifting and lowering
system operable to raise and lower the Y-side wheel carriages 42 relative to the vehicle frame
and the fixed-height X-side wheel carriages 40 so that the Y-side wheel units are raiseable and
lowerable relative to the X-side wheel units. In the fully lowered state of the Y-side wheel units,
the heigh-adjustable Y-side wheel units reside at a lower elevation on the vehicle frame 38
than the fixed-height X-side wheel units, whereby the conveyance wheels 56 of the Y-side
wheel units are lowered into contact with the flats 62 of a pair of Y-direction rails 28 of the track
layout 22/24 for rollable support of the vehicle 36 thereon. Each and every wheel unit is
rotatably driven by a respective motor carried by the respective wheel carriage, whereby
rotation of the Y-side wheel motors in opposing directions causes displacement of vehicle back
and forth in the Y-direction of the track layout. By contrast, in the fully raised state of the Y-side
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wheel units, the Y-side wheel units reside at a greater elevation on the vehicle frame than the
X-side wheel units, whereby the conveyance wheels 56 of the Y-side wheel units are raised out
of contact with the flats 62 of the Y-direction rails 28, thereby lowering the X-side wheel units
into contact with the flats 62 of two X-direction rails 26 of the track layout for rollable support of
the vehicle thereon. Accordingly, rotation of the X-side wheel motors in opposing directions
causes displacement of vehicle back and forth in the X-direction of the track layout 22/24.
Driving of all four wheels in both the X-side wheel set and Y-side wheel sets is preferable to
ensure proper vehicle alignment in the horizontal track conveyance of the vehicle, through
driving of each wheel unit separately is not as essential during horizontal track conveyance, as
compared to vertical shaft conveyance where independent operation of the wheels in opposite
rotational directions at each side is of greater significance in order to maintain proper
alignment and balance of the vehicle during rack-and-pinion conveyance of the vehicle through
the shaft.

[0035] Referring again to Figure 12, the flat majority 66 of the topside of the frame member
caps 64 at the upper track layout enables rolling motion of the vehicle across the top of each
frame member 32 from one rail piece to the next, while the raised central area 68 of the cap 64
cooperates with the rail tongues 60 to maintain alignment of the conveyance wheels 56 on the
rails as the vehicle crosses from one rail piece to the next. Likewise, referring to Figure 13, the
flat topside of the base 69 of each frame member 32 forms an extension of the rail flats 62 in
order to interconnect the flats of the rail pieces that intersect at this frame member, while the
reduced portion 68' of the frame member 32, at frame members that don't reside at outer
corners of the grid structure, enables the wheel units of the robotic retrieval vehicle 36 to roll
past the frame member in the space around the reduced portion 68' between the base 69 and
the upper remainder of the frame member. At each wheel unit, the conveyance wheel 54
residing outboard of the respective pinon wheel 56 has a relatively smooth periphery by
comparison to the toothed periphery of the pinion wheel, and may have rubber or other
suitable grip material of sufficient frictional coefficient to ensure good drive traction between the
conveyance wheels and the rails.

[0036] As will be apparent from Figure 12, placement of the conveyance wheels 54 of the
robotic retrieval vehicle in rolling contact with the flats 62 of the rails 26, 28 prevents the robotic
retrieval vehicle from dropping down a shaft of the three dimensional grid structure as the
vehicle traverses the upper track layout. However, when traveling through a particular shaft,
either downwardly from the upper track layout or upwardly from the lower track layout, is
required, the wheel units must be retracted inwardly toward the respective sides of the vehicle
frame to reduce the outer perimeter of the vehicle (i.e. reduce both the X and Y track width of
the vehicle) to a size that is acceptable within the shaft between the crossing rails.

[0037] Referring again to Figures 7 and 8, for this purpose each of the four corners of the
square vehicle frame features a respective cam 70 that is operable to selectively control
inward/outward movement of both the X-side wheel and corresponding Y-side wheel at this
corner of the frame. Each cam 70 is rotatable about a vertical axis 70a by a respective control
pulley 72 that is supported on the intersecting perimeter walls of the frame 38 at this corner in
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a manner rotatable on the same vertical axis as the cam 70. As shown, outwardly reaching
support flanges 74 support the control pulley 72 at a location placing its rotational axis
outwardly of the frame's perimeter walls 38a, 38b at the respective corner of the frame 38.
With reference to Figures 9 and 10, in horizontal cross-sectional planes of the cam 70, the cam
has two diverging sides 76 reaching outwardly away from the cam's axis in order to widen the
cam toward a widened distal face 78 of arcuately convex curvature. Lying across the cam's
rotational axis from the distal face 78 of the cam is a narrowed proximal face 79 of arcuately
convex curvature of lesser radius than the widened distal face 78. The proximal face resides at
a lesser radial distance from the rotational axis of the cam than the opposing distal face.

[0038] Each wheel unit 54 is carried by a respective wheel housing 80 at the respective end of
one of the wheel carriage. As best shown in Figures 9 and 10, at a distal end of the wheel
housing 80 furthest from the wheel carriage 40/42 along the direction of the respective
perimeter side 38a/38b of the vehicle frame 38, the wheel housing 80 features an angled end
wall 82 that lies at 135-degrees to this perimeter side wall direction. At an intermediate portion
of the wheel housing between the wheel carriage 40/42 and the angled distal end wall 82 of
the wheel housing 80, a hollow camming block 84, 86 extends inwardly from the wheel housing
and closes around the respective cam 70. The camming block 86 carried on the movable Y-
side wheel carriage 42 is attached to a topside of the respective wheel housing, whereas the
camming block 84 on the stationary X-side wheel carriage 40 is attached to the underside of
the respective wheel housing. Accordingly, the camming block 86 of the height adjustable Y-
side wheel carriage 42 is above the camming block 84 of the fixed-height X-side wheel
carriage 40 to allow the Y-side wheel carriage 42 and attached camming block 86 to move
upwardly and downwardly relative to the fixed-height X-side wheel carriage 40. Each camming
block 84/86 has a hollow rectangular interior which is longer in a direction parallel to the
respective side of the vehicle frame on which the camming block is carried than in the other
direction perpendicular thereto. That is, the hollow interior of the camming block 86 on the Y-
side of the vehicle is longer in the Y-direction than in the X-direction, and the hollow interior of
the camming block 84 on the X-side of the vehicle is longer in the X-direction than in the Y-
direction.

[0039] Figure 9 shows the cam 70 in an out-turned first position facing its widened distal face
78 outwardly away from the respective corner of the vehicle frame 38, whereby the widened
distal face 78 contacts two intersecting sides of the hollow rectangular interior of each
camming block 84, 86 at an outermost corner of this camming block interior that is furthest
from the respective corner of the vehicle frame in both the X and Y directions. This position of
the cam corresponds to placement of both the X-side and Y-side wheel units into their
extended outboard positions situated furthest outward from the vehicle frame 38, as the distal
face 78 of the cam 70 abuts against the outer one of the two longer sides of the Y-side
camming block's hollow interior and against the outer one of the two long sides of the X-side
camming block's hollow interior. Figure 10 illustrates rotation of the cam out of the out-turned
position of Figure 9 toward an opposing in-turned position (not shown) in which the distal face
78 of the cam turns toward an opposing innermost corner of the camming block's interior.
Figure 10 shows the cam at an intermediate state half way between these opposing out-turned
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and in-turned positions, where the contact of the cam's distal face in the interior of the Y-side's
camming block 86 has shifted to the inner one of its two longer sides, thereby shifting the Y-
side wheel carriage inwardly toward the frame in the X-direction. Continued rotation of the cam
to its in-turned position facing 180-degrees opposite the out-turned position of Figure 9 will
shift the distal face of the cam out of contact with the outer one of the X-side camming block's
longer interior sides an into contact with the inner one of the X-side camming block's longer
interior sides, thereby shifting the X-side wheel carriage inwardly toward the frame in the Y-
direction. The angled distal ends 82 of the two wheel housings 80 at each corner of the vehicle
enable placement of the wheels at outermost points from the corner of the vehicle frame 38 so
as to reach into engagement with the rack teeth 34a, 34b on the rack members 32 of the three
dimensional grid structure without causing interference between retraction of the wheel
carriages on the X and Y sides of the vehicle, as shown in Figures 9 and 10.

[0040] Turning again to Figures 7 and 8, a second drive belt 88 is entrained around the cam
control pulleys 74 and an input pulley 90 around the exterior of the vehicle frame. The input
pulley 90 is operably driven in opposing directions by a reversible electric motor 92. The input
pulley, control pulleys, second drive belt, associated motor 92, and cams 70 therefore form a
wheel extension and retraction system for displacing the wheel units inwardly and outwardly at
the outer perimeter sides of the vehicle. With reference to Figure 8, to accommodate inward
and outward movement of the X-side wheel carriages 40, each X-side wheel carriage is carried
on a pair of linearly displaceable plungers 93a spaced apart from one another along the
respective perimeter side wall 38b of the frame 38, and slidable back and forth through a
respective bushing on the perimeter wall 38b of the frame 38, thereby accommodating the
cam-driven movement of the wheel carriage inwardly and outwardly toward and away from the
perimeter frame wall 38b. One X-side plunger 93a is visible in Figures 8 and 9. Likewise, each
Y-side wheel carriage 42 is carried by a pair of sliding plungers 93b respectively disposed
adjacent the opposing ends of the wheel carriage 42, except that the plungers are movably
supported not by the respective perimeter frame wall 38a, but rather by a displacement unit
42a incorporating the slide blocks and threaded feature by which the Y-side wheel carriage is
vertically displaceable on the guide tracks of the respective perimeter frame wall 38a. This
displacement unit 42a is therefore vertically displaceable up and down the perimeter frame wall
38a, carrying the Y-side wheel carriage with it, while the T-side wheel carriage 42 is also
horizontally displaceable inwardly and outward toward and away from the displacement unit.
One of the Y-side plungers 93b is visible in Figures 9 and 10.

[0041] With the robotic retrieval vehicle 36 disposed on the upper track layout 22 of the three
dimensional grid structure at a co-ordinate point overlying the central shaft of one of the stacks
of storage cells, the robotic retrieval vehicle 36 is lowerable into the shaft by the following
procedure. First, with the Y-side conveyance wheels lowered into contact with the Y-direction
rails 28 to support the vehicle thereon, and the X-side conveyance wheels thus raised off the
X-direction rails 26, the cams 70 are rotated from the out-turned position of Figure 9 to an
intermediate position opposite that which is shown in Figure 10, which retracts the X-side
wheel carriage 40 and attached X-side wheel units inwardly, thereby withdrawing them inwardly
from over the X-direction rails into positions lowerable into the shaft. Now, the
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raisable/lowerable Y-side wheel carriages 42 are raised upwardly relative to the vehicle frame,
whereby the fixed-height X-side wheel carriages 40 are lowered down into the shaft, bringing
the respective pinion wheels 58 into engagement with the X-side rack teeth 34a of the rack
members 32 at the corners of this shaft. The gap 35 between each set of rack teeth and the
neighbouring rail accommodates the outer periphery of the respective conveyance wheel in
this gap while the pinion wheel mates with the rack teeth. With the vehicle now supported by
engagement of the X-side pinion wheels 58 with the X-side rack teeth 34a of the rack members
32, the cams 70 are rotated from the current intermediate position (not shown) to the in-turned
position (not shown), thereby retracting the Y-side conveyance wheels inwardly off the rails of
the upper track layout 22. Motorized rotation of the X-side pinion wheels already engaged with
the racks is then used to drive the vehicle further downwardly into the shafting, thereby
bringing the Y-side pinion wheels into engagement with the respective sets of rack teeth 34b,
at which point driven rotation of all the motorized wheel units is then used to drive the vehicle
downwardly through the shaft to a targeted level in the stack of storage cells surrounding this
shaft. Prior to driving the X-side wheel units, the Y-side wheel carriages 42 may lowered
relative to the vehicle frame down into the shaft and toward or into engagement with the Y-side
rack teeth 34b of the rack members 32, at which point both the X and Y side wheels can then
be driven.

[0042] Similarly, with the robotic retrieval vehicle disposed on the lower track layout 24 of the
three dimensional grid structure at a co-ordinate point underlying the central shaft of one of the
stacks of storage cells, the robotic retrieval vehicle is raiseable into the shaft by the following
procedure. First, with the X-side conveyance wheels seated on the X-direction rails to support
the vehicle thereon, the Y-side wheel carriages 40 and attached y-side wheel units are
retracted inwardly by rotating the cams from the out-turned position of Figure 9 to the
intermediate position of Figure 10. Now, the raisable/lowerable Y-side wheel carriages 42 are
raised up in order to lift the retracted Y-side wheel units up into the shaft to place the Y-side
pinion wheels into engagement with the Y-side rack teeth 34b of the rack members 32 at the
corners of this shaft. With the vehicle now suspended from the rack members by engagement
of the Y-side pinion wheels 58 with the Y-side rack teeth 34b of the rack members 32, the X-
side wheels are retracted inwardly off the rails by rotating the cam 79 further in the same
direction from the intermediate position of Figure 10 into the in-turned position (not shown).
Then, the Y-side wheel units are driven by the respective motors in the required directions to
convey the vehicle further upwardly into the shaft, bringing the X-side wheel units into
engagement with the X-side rack teeth 34a of the rack members, whereupon all eight wheels
are driven to convey the vehicle upwardly through the shaft.

[0043] Turning back to Figure 6, a completed robotic retrieval vehicle includes the vehicle
components of Figures 7 and 8, and may include optional cover panels 90 affixed to exterior
sides of the wheel carriages. An upper support platform 92 is mounted atop the vehicle frame
38, and features an outer deck surface 94 having a round central opening therein in which a
circular turret 96 is operably installed for rotation of the turret 96 about an upright rotation axis
passing vertically through the center of the vehicle. The circular turret 96 features a central
channel 98 recessed into its otherwise flat topside, which resides flush with the surrounding
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deck surface 94 to form a flat top of the platform. The channel 98 extends diametrically across
the turret through the central rotation axis thereof. An extendable/retractable arm 100 is
mounted within the channel 98, and is selectively extendable and retractable by a suitable
actuator between an extended position reaching outwardly beyond the outer perimeter of the
platform and a retracted position withdrawn fully into the confines of the turret's central
channel. Between a motor (not shown) operably driving rotation of the turret about is central
rotation axis and the actuator operable to extend and retract the arm 100, the turret is
rotatable into any one of four different working positions in which the arm 100 is extendable
outwardly from a respective one of the vehicle's four perimeter sides. Each storage unit
features a central channel recessed in the underside thereof and shaped to accommodate
receipt of the extended arm 100 therein in manner temporary coupling the underside of the
storage unit to the arm 100, whereupon retraction of the arm draws the storage bin onto the
flat top of the vehicle's upper platform 92 from a targeted storage location situated alongside
the central shaft of a storage cell stack in which the robotic vehicle currently resides.

[0044] To retain the retrieved storage unit on the upper platform 92 of the vehicle, the outer
perimeter of the platform is surrounded by four raisable/lowerable fences 102 each residing at
a respective perimeter side of the vehicle. A respective actuator is operable to raise and lower
each fence. Each fence may occupy a raised position by default, in which case a selected
fence is only lowered when extension of the arm 100 at the respective side of the vehicle is
required. In its raised state, each fence reaches upwardly beyond the platform to block the
carried storage unit from sliding off the platform. In its lowered state, each fence aligns its
opening with the channel 98 of the turret.

[0045] In one preferred embodiment, the system includes a fleet of robotic storage/retrieval
vehicles of the forgoing type. Each vehicle 36 includes suitable receiver by which wireless
communication with a wireless computerized control system is possible to control operation of
the vehicle fleet. In response to a request for a particular product from the storage system, the
controller signals one of the vehicle's to retrieve the product from its known storage location in
the three dimensional array. The vehicles normally occupy the upper track layout 22 by default,
where the vehicle uses the X-side and Y-side conveyance wheels to traverse the upper track
layout in two dimensions to reach the appropriate central shaft of the stack in which the target
storage location resides. The vehicle retracts its wheel units and transitions into the shaft using
the above described procedure, and uses the pinion wheels to travel down the shaft to this
target storage location, from which the respective storage unit is then retrieved by operation of
the turret and associated arm. With the retrieved storage unit safely retained on the upper
platform of the vehicle by the perimeter fences, the vehicle continues downwardly through the
shaft to the lower track layout 24, where the wheels are once again extended out and the X-
side and/or Y-side conveyance wheels are used to traverse the lower track layout in two
dimensions to one of the delivery stations 30. Here, the desired product from the storage unit
is removed for subsequent handling and delivery, whether by automated or human means.
The vehicle then returns to the upper track layout 22 via one of the outer shafts.

[0046] By using only the outer shafts for return of the vehicle to the upper track layout, the
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central shafts by which storage units are retrieved by downward-travelling vehicles from the
upper track layout remain unobstructed by vehicles returning to the upper track layout. During
the return of the vehicle to the upper track layout via an outer shaft, the vehicle may carry the
same storage unit that it previously delivered to a delivery station back up to the upper track,
where the vehicle then travels to a shaft where it descends to a controller-specified storage
location where the storage unit is once again placed back into storage. This controller-specified
storage location for example may be the same location from which that particular storage unit
was previously retrieved.

[0047] Referring to Figure 11A, in addition to the rails 26, 28 and frame members 32, the
framework of the three dimensional grid structure may include connecting bars 108 spanning
horizontally between adjacent frame members 32, and may also include connecting panels 110
that reside in vertical planes and likewise span between adjacent frame members to reinforce
the three dimensional framework. These connecting panels may also serve as firebreaks or
firewalls to create barriers that prevent or inhibit flames from spreading through the structure
from one column of storage locations to the next in the event of a fire. Such connecting panels
are installed only at the non-access sides of the storage columns, i.e. at sides thereof not
directly neighboured by a central or outer shaft, as the sides of the shafts must be left open to
allow the vehicles to access the storage locations in each column. As also shown in Figure
11A, the lower track layout may be elevated off the ground by support legs 111 attached to the
lowermost frame pieces of the modular frame members at the bottom of the bases 69 thereof.

[0048] Turning to Figures 11B and 11C, each connection panel 110 of the illustrated
embodiment spans approximately two levels of the grid structure in the vertical Z-direction
thereof, and features three in-turned flanges 112a, 122b, 112c spanning horizontally across
the panel on the interior side thereof that faces into the respective column of storage locations
in the grid structure. These include an upper flange 112a residing near the top edge of the
panel 110 at a short height therebelow, a middle flange 112b residing at a generally central
height on the panel 110, and a lower flange 112c residing at or near the bottom edge of the
panel 110. Each panel is fastened to two frame members 132 at the inner sides thereof that
face into the respective storage column at neighbouring corners thereof, whereby the other
sides of these frame members 132 are available for mounting of respective panels for
neighbouring columns. During assembly of the framework, a set of three panels are installed
together at a same elevation on three sides of a storage column, with the fourth side of the
storage column being left unobstructed so as to open into the respective central shaft of the
three dimensional storage array.

[0049] The upper flanges of these three panels form a top shelf for supporting a top one of
three storage bins, while the middle flanges and lower flanges of these three panels form
middle and lower shelves, respectively, for supporting the other two of these three storage
bins. Figure 11C shows three storage bins in the leftmost column of the figure, which are
labelled as upper bin 12a, middle bin 12b, and lower bin 12c. The fact that the upper flange
112a resides a short height below the top edge of each panel 110 leaves a short upper wall
area 114 of the panel 110 standing upright from the upper flange 112a in order to block sliding
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of the upper bin 12a out of the column during insertion of the upper bin back into the storage
column by a robotic vehicle. Using the triple-flanged panels 110 of the illustrated embodiment,
each set of three panels serves to define three bin-supporting shelves at three respective
levels in the three dimensional grid structure, while occupying only slightly more than two
levels. It will be appreciated that other embodiments may employ a flanged panel of different
height that occupies a greater or lesser number of vertical levels. However, use of multi-
flanged panels that define shelving at multiple levels reduces the overall number of individual
panels in the completed framework of the finished grid structure.

[0050] As the framework of the grid structure includes a respective shelf at each storage
location to support the respective storage bin, any given bin can be removed from its storage
location by one of the robotic retrieval vehicles without disrupting the bins above and below it in
the same storage column. Likewise, this allows a bin to be returned to a prescribed location at
any level in the array. It will therefore be appreciated that use of the term 'stack’ herein to
describe the vertically accumulation of storage bins is not used to explicity mean direct
placement of bins in physical contact atop one another, but rather is used to denote the
layering of storage bins in vertical levels, while distinguishing a stack of storage cells from
individual columns of storage bins.

[0051] Accordingly, although the shaft-based access to a stacked-cell three dimensional
storage array has particular advantage in terms of improved balance between space efficiency
and individual accessibility when compared to prior art solutions that use either
overhead/underneath vehicle grids or aisle-based layouts, use of the presently disclosed
storage array is not necessarily limited to applications that specifically provide individual access
to any and all storage locations at any time.

[0052] In summary of the disclosed embodiments, a storage system is employed within a grid
structure that accommodates storage cells that hold storage bins or other storage units. The
structure has a top and bottom level and vertical shafts or voids that the cells are built around.
The system comprises a vehicle or robot that manoeuvres around the top and bottom of the
grid and vertically through the void or shaft and locates a bin retrieve. The vehicle or robot
retrieves a bin from a location within the void or shaft and delivers it to a station at the
perimeter of the grid structure at the bottom of the grid. The vehicle or robot, once it has
retrieved the bin and completed its task, returns the bin to a designated space within the void
or shaft by using the outside of the grid structure to elevate itself to the top of the grid
structure, where the vehicle or robot then manoeuvres around the top of the grid structure and
descends into a void or shaft to store the bin. The grid structure is scalable in three dimensions
to a certain desirable height and grid size, and may be constructed of aluminum or steel
columns that are interconnected at the top and bottom by aluminum or steel rails, and braced
throughout the structure.

[0053] The remotely operated vehicle or robot for picking up storage bins from a storage grid
system travels the top grid structure by use of guiding rails and operates in the horizontal X
and Y plane, by use of a driving means using four wheels that rotate independently in either
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direction from each other in the X plane, and four wheels that rotate in either direction
independently for the Y plane. The vehicle then retracts four of its wheels on the X side relative
to its frame or chassis so as to reduce its track width. In the illustrated embodiment, it achieves
this by use of its pulley and cam mechanism, and then by raising its wheels on the Y side of the
robot, it lowers its wheels on the X side downwards. In the illustrated embodiment, it achieves
this by use a pulley and linear slide mechanism to lower the X side down into the grid or void to
engage a gear rack mechanism built into the grid. The vehicle then retracts the wheels on the
Y-sides, and using the wheels on the X-side, drives itself downwards until the second set of
four wheels on the Y-sides engages the gear rack mechanism. Accordingly, now all eight
wheels are engaged on all sides of the void, and said vehicle or robot moves down into the
void or vertical plane within the grid structure to an assigned position or bin.

[0054] The vehicle or robot uses a turret mechanism that turns to a predetermined position to
pick the bin assigned, it then extends its telescopically extendable arm and engages the bin
underneath and pulls the bin onto its turret at the top platform of the robot. The vehicle or robot
will lock the bin in place by raising its fences relative to turret position and travel in the vertical
Z direction down to the bottom track layout and move in either the X or Y direction by use of
the track's guiding rails to an assigned location on the perimeter of the bottom track layout.
Here, the bin may be presented in a different plane 90-180 degrees from its original position.

[0055] By use of its four wheels at either the X or Y sides of the robot, it will move towards one
of the outer vertical shafts on the perimeter of the structure and raise itself up into the grid by
lifting itself into the vertical void, or by assistance of a mechanical lift device or combination of
both, whereupon the gear rack mechanism is engaged. It will then drive itself upwards until the
second set of four wheels engages the gear rack, by which all eight wheels are then engaged
on all sides of the void.

[0056] The vehicle or robot now travels upwards in the Z direction on the outside perimeter of
the grid structure, and repeats the process of moving in the X and Y direction to its next
assigned bin location within the grid structure, as prescribed by the computerized wireless
controller.

[0057] Since various modifications can be made in my invention as herein above described,
and many apparently widely different embodiments of same made within the scope of the
claims without departure from such scope, it is intended that all matter contained in the
accompanying specification shall be interpreted as illustrative only and not in a limiting sense.
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OPBEVARINGS- OG HENTNINGSSYSTEM

PATENTKRAV

Opbevaringssystem, der omfatter:

et eller flere opbevarings-/hentningskaretajer (36),

en netformet tredimensionel struktur, der omfatter:

en flerhed af opbevaringsceller (10), der er indrettet i stabler (16) og hver omfatter
en flerhed af opbevaringsplaceringer, der er anbragt omkring et centralt hulrum (14)
pa forskellige respektive sider deraf, idet hvert enhedsrum har en storrelse, sa det
kan rumme en respektiv opbevaringsenhed (12) deri,

idet hver stabel (16) omfatter en respektiv gruppe af opbevaringscellerne (10), der
befinder sig stablet oven pa hinanden med de centrale hulrum (14) af de respektive
grupper af opbevaringscellerne (10) flugtende med hinanden for at danne en
respektiv lodret midterskakt (18) af stablen (16),

idet hver lodret midterskakt (18) har en storrelse, sa de respektive
opbevaringsenheder (12) i de respektive grupper af opbevaringsceller (10) kan
rummes inden i den lodrette skakt (18) for at muliggare hentning af de respektive
opbevaringsenheder (12) gennem den lodrette midterskakt (18),

hvor stablerne (16) i den netformede struktur omfatter helsidede stabler, i hvilke den
lodrette midterskakt (18) er omgivet af opbevaringsplaceringerne af den respektive
gruppe af opbevaringsceller (10) pa fire forskellige sider af den lodrette midterskakt
(18),

hvor den tredimensionelle netstruktur yderligere omfatter hylder (112a, 112b, 112c),
hvormed opbevaringsenhederne (12) er individuelt understottede kasser for at
muliggere udtagning af nedre opbevaringsenheder (12) fra hver stabel (16) uden
pavirkning af andre opbevaringsenheder (12), der befinder sig over de nedre
opbevaringskasser (12) i samme stabel (16), og som yderligere omfatter

et netformet skinnesystem (22, 24), pa hvilket hvert ene eller flere
opbevarings-/hentningskaretgjer (36) a) kan transporteres pa det netformede
skinnesystem til og fra de lodrette midterskakter (18),

hvilket opbevaringssystem er kendetegnet ved, at hvert ene eller flere
opbevarings-/hentningskaretajer (36) b) kan transporteres pa det netformede
skinnesystem (22, 24) gennem den lodrette midterskakt (18) for at fa adgang til
opbevaringsplaceringerne derfra,
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og at hvert af de ene eller flere opbevarings-/hentningskaretojer (36) omfatter et
roterbart tarn (96) og en strackbar arm (100), der valgfrit kan strackkes ind i en indsat
position, der raekker ud over en perimeter af tarnet (96), idet tarnet (96) kan roteres
til fire forskellige arbejdspositioner, i hvilke straekning af den straekbare arm (100) vil
indseette den strackbare arm udad fra tarnet (96) pa fire forskellige respektive sider
af karetajet (36) for at fa adgang til opbevaringsplaceringerne pa forskellige sider af
den lodrette midterskakt (18) i en hvilken som helst af stablerne (16).

Opbevaringssystem ifglge krav 1, hvor det netformede skinnesystem (22, 24)
yderligere omfatter en netformet gvre skinneindretning (22) i en placering oven over
stablerne (16) og en netformet nedre skinneindretning (24), der befinder sig neden
under stablerne (16), hvorved transport af det ene eller flere
opbevarings-/hentningskoretejer (36) gennem de lodrette midterskakter (18)
muligger overfarsel af hvert af de ene eller flere opbevarings-/hentningskeretajer
(36) mellem den gvre og nedre skinneindretning (22, 24).

Opbevaringssystem ifglge krav 2, hvor stablerne (16) i den netformede struktur
desuden omfatter reducerede stabler, der mangler opbevaringsplaceringer pa en
eller flere sider af den respektive lodrette midterskakt (18), der befinder sig ved en

ydre perimeter af den netformede struktur.

Opbevaringssystem ifolge krav 3, der yderligere omfatter mindst ét
opbevarings-/hentningskaretej (36) og et karetajsstyresystem til at betjene det
mindst ene opbevarings-’/hentningskeretaj (36) for at udfere bade
hentningsopgaver, der fierner opbevaringsenhederne (12) fra
opbevaringsplaceringerne, 0g returneringsopgaver, der returnerer
opbevaringsenhederne (12) til opbevaringsplaceringerne, hvor den netformede
struktur yderligere omfatter ekstra ydre skakter (18), der ligger parallelt med de
lodrette midterskakter (18) i perimeteromrader af den netformede struktur, der ikke
er fyldt med nogen af opbevaringsplaceringerne og opbevaringsenhederne (12), og
hvor koretgjsstyresystemet er konfigureret til at forarsage transport opad af det
mindst ene opbevarings-/hentningskaretaj (36) til den netformede ovre
skinneindretning (22) kun gennem de ekstra ydre skakter (18) under

returneringsopgaverne.
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Opbevaringssystem ifglge krav 4, hvor styresystemet er konfigureret til at forarsage
transport nedad af det mindst ene opbevarings-/hentningskeretej (36) fra den
netformede avre skinneindretning (22) gennem de lodrette midterskakter (18) under

hentningsopgaverne.

Opbevaringssystem ifolge krav 1, der vyderligere omfatter mindst ét
opbevarings-/hentningskeretej (36), der kan transporteres til, fra og gennem de
lodrette midterskakter (18) via det netformede skinnesystem (22, 24), hvor det
netformede skinnesystem (22, 24) yderligere omfatter et respektivt saet lodrette
rammeelementer (32), der star lodret inden i hver lodret midterskakt (18) ved
perimetergraenser deraf for at samvirke med det ene eller flere
opbevarings-/hentningskoretejer (36) for at styre transport deraf gennem den
lodrette skakt (18), idet de lodrette rammeelementer (32) er stativelementer udstyret
med fortandede kanter, der vender indad i forhold til den lodrette skakt (18) for at ga
i indgreb med tandhjul (58) pa hvert af det ene eller flere
opbevarings-/hentningskaretejer (36), idet opbevarings-/hentningskaretojet (36)
omfatter et forste seet tandhjul (58), der befinder sig pa farste modstaende sider af
opbevarings-/hentningskaretgjet (36), og et andet saet tandhjul (58), der befinder sig
pd andre modstdende sider af opbevarings-/hentningskeretgjet (36), og hvert
stativelement (32) omfatter et forste og andet seet stativieender (34a, 34b) pa to
vinkelrette indadvendte sider deraf til respektivt indgreb med det farste og andet saet
tandhjul (58).

Opbevaringssystem ifglge et hvilket som helst af kravene 1 til 3 og 6, der omfatter
mindst ét opbevarings-/hentningskeretaj (36), der kan transporteres til, fra og
gennem de lodrette midterskakter (18) via det netformede skinnesystem (22, 24),
hvor opbevarings-/hentningskaretajet (36) omfatter et forste saet transporthjul (56),
der befinder sig pa forste modstaende sider af opbevarings-/hentningskaretaijet
(36), til at kare pa X-retningsskinner (26) i det netformede skinnesystem (22, 24),
der ligger i en X-retning af et referenceplan deraf, og et andet seet transporthjul (56),
der befinder sig pa andre modstaende sider af opbevarings-/hentningskeretajet
(36), til at kare pa Y-retningsskinner (28) i det netformede skinnesystem (22, 24),
der ligger i en Y-retning af referenceplanet deraf, hvor det fgrste og andet seet
transporthjul (56) valgfrit kan straekkes og tilbagetraekkes fra og imod de respektive
sider af opbevarings-/hentningskaretgjet (36) i en indadgaende/udadgaende
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retning, hvorved tilbagetraekning af transporthjulene (56) forarsager udtagning deraf
indad fra de respektive skinner i det netformede skinnesystem for at muliggere
transport af opbevarings-/hentningskeretgjet (36) gennem de lodrette midterskakter
(18), hver af hvilke befinder sig ved et respektivt kartesisk koordinatsaet i netplanet i
et respektivt omrade, der er afgreenset mellem to af X-retningsskinnerne (26) og to
af Y-retningsskinnerne (28).

8. Opbevaringssystem ifalge krav 6, hvor opbevarings-/hentningskaretajet (36)
omfatter et farste saet transporthjul (56), der befinder sig pa de forste modstaende
sider af opbevarings-/hentningskaretgjet (36), til at kare pa X-retningsskinner (26) i
det netformede skinnesystem (22, 24), der ligger i en X-retning af et referenceplan
deraf, og et andet saet transporthjul (56), der befinder sig pa de andre modstaende
sider af opbevarings-/hentningskaretajet (36), til at kare pa Y-retningsskinner (28) i
det netformede skinnesystem (22, 24), der ligger i en Y-retning af referenceplanet
deraf, hvor det fgrste og andet seet transporthjul (56) valgfrit kan straekkes og
tilbagetreekkes fra og imod de respektive sider af opbevarings-/hentningskaretajet
(36) i en indadgaende/udadgaende retning, hvorved tilbagetreekning af
transporthjulene (56) forarsager udtagning deraf indad fra de respektive skinner i
det netformede skinnesystem (22, 24) for at muliggere transport af
opbevarings-/hentningskaretojet (36) gennem de lodrette midterskakter (18), hver
af hvilke befinder sig ved et respektivt kartesisk koordinatseet i referenceplanet i et
respektivt omrade, der er afgreenset mellem to af X-retningsskinnerne (26) og to af
Y-retningsskinnerne (28), ved indgreb af tandhjulene (58) med stativelementerne
(32), og hvor hvert af transporthjulene (56) er fastgjort til et respektivt af tandhjulene
(58) som del af en respektiv enkelt hjulenhed, der kan straekkes og tilbagetraekkes

fra og imod den respektive side af opbevarings-/hentningskaretojet (36).

9.  Opbevaringssystem ifglge krav 7 eller 8, hvor det forste og andet seet transporthjul
(56) kan tilbagetreekkes og straekkes med kamskivemekanismer (70), der er anbragt
ved hjorner af karetgjet, hvor den farste og anden side deraf krydser hinanden
sdledes, at hver kamskivemekanisme (70) indvirker pa ét transporthjul (56) fra det
farste seet transporthjul (56) og ét transporthjul (56) fra det andet saet transporthjul
(56).

10. Opbevaringssystem ifalge krav 6 eller 8, hvor opbevarings-/hentningskaretojet (36)
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omfatter en stativ-/tandhjulindgrebsmekanisme (48, 50), der kan betjenes til at
haeve eller saenke det forste seet tandhjul (58) ind i indgreb med stativelementerne
(32) inden i en hvilken som helst af de lodrette midterskakter (18) i stablerne (16),
mens opbevarings-/hentningskaretojet (36) karer pa nedre eller gvre skinner i det
netformede skinnesystem (22, 24), der er placeret under eller over stablerne (16).

Opbevaringssystem ifglge krav 8, hvor opbevarings-/hentningskaretojet (36)
omfatter en stativ-/tandhjulindgrebsmekanisme (48, 50), der kan betjenes til at
haeve eller seenke det farste saet tandhjul (58) i forhold til det andet saet transporthjul
(56) for at haeve eller seenke det forste saet tandhjul (58) ind i indgreb med
stativelementerne (32) inden i en hvilken som helst af de lodrette midterskakter (18)
i stablerne (16) i opbevaringscellerne (10), mens det andet saet transporthjul (56) er
anbragt pa nedre eller gvre skinner i det netformede skinnesystem (22, 24), der er
placeret under eller over stablerne (16) i opbevaringscellerne (10).

Opbevaringssystem ifalge krav 10 eller 11, hvor
stativ-/tandhjulindgrebsmekanismen (48, 50) omfatter en
hjulhaeve-/seenkemekanisme, der kan betjenes til at lgfte det andet saet tandhjul
(38) i forhold til en ramme (58) af opbevarings-/hentningskaretgjet (36), til hvilken
det forste seet tandhjul (58) er fastgjort i fast hejde derpa, hvorved
stativ-/tandhjulindgrebsmekanismen (48, 50) haever eller seenker bade rammen (58)
og det forste saet tandhjul (38) ind i den lodrette midterskakt (18).

Opbevaringssystem ifalge et af kravene 10 til 12, hvor det netformede skinnesystem
(22, 24) omfatter bade de nedre skinner og de avre skinner, og hvor
stativ-/tandhjulindgrebsmekanismen (48, 50) kan betjenes til at seenke det forste
seet tandhjul (58) ind i indgreb med stativelementerne (32) med
opbevarings-/hentningskaretajet (36) karende pa de avre skinner og til at haeve det
andet seet tandhjul (58) ind i indgreb med stativelementerne (32) med
opbevarings-/hentningskaretajet (36) karende pa de nedre skinner.

Opbevaringssystem ifalge krav 1, der omfatter ét af
opbevarings-/hentningskaretajerne (36), der kan transporteres bade:

a) pa den netformede skinnestruktur til og fra de lodrette midterskakter (18), og

b) gennem de lodrette midterskakter (18) for at fa adgang il
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opbevaringsplaceringerne derfra.

Opbevarings-/hentningskeretaj (36) 1 kombination med en netformet
opbevaringsstruktur, der omfatter et netformet skinnesystem (22, 24), pa hvilket
karetajet (36) kan transporteres, og mindst én stabel (16) opbevaringsceller (10), i
hvilken hver opbevaringscelle omfatter en flerhed af opbevaringsplaceringer, der er
anbragt pa forskellige sider af en lodret midterskakt (18) i stablen (16) for at
opbevare respektive opbevaringsenheder (12) inden i opbevaringsplaceringerne pa
en made, der giver adgang til opbevarings-/hentningskeretajet (36) fra den lodrette
midterskakt (18), kendetegnet ved, at opbevarings-/hentningskeretojet (36)
omfatter et farste seet transporthjul (56), der befinder sig pa de forste modstaende
sider af opbevarings-/hentningskaretgjet (36), til at kare pa X-retningsskinner (26) i
det netformede skinnesystem (22, 24), der ligger i en X-retning af et referenceplan
deraf, og et andet saet transporthjul (56), der befinder sig pa de andre modstaende
sider af opbevarings-/hentningskaretajet (36), til at kare pa Y-retningsskinner (28) i
det netformede skinnesystem (22, 24), der ligger i en Y-retning af referenceplanet
deraf, hvor det fgrste og andet seet transporthjul (56) valgfrit kan streekkes og
tilbagetreekkes fra og imod de respektive sider af opbevarings-/hentningskaretajet
(36) i en indadgaende/udadgaende retning, hvorved tilbagetraekning af
transporthjulene (56) forarsager udtagning deraf indad fra de respektive skinner i
det netformede skinnesystem (22, 24) for at muliggere transport af

opbevarings-/hentningskaretojet (36) gennem den lodrette midterskakt (18).
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